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(57) Abstract: The invention relates to a nozzle comprising a mobile divergent section (20) and a fixed part (16) which is solidly 
^ connected to the rear end of the combustion chamber (12) of the engine. According to the invention, a connection device is articulated 

to the gimbal mount and connects the mobile divergent section of the nozzle to the fixed part of same, the mobile divergent section 
^ and the fixed part being in contact with one another by means of the respective spherical surfaces (24a, 16a) thereof. Moreover, an 
^ actuation device (50a, 50b) acts on the mobile divergent section of the nozzle so that the direction of the thrust vector of the engine 
V© can be varied by altering the orientation of the nozzle, whereby the aforementioned spherical surfaces slide on top of one another. 
1/^ Elastic return means (62, 64), which are disposed between the mobile divergent section of the nozzle (20) and the fixed part (16), act 
^5 on the mobile divergent section in order to move said section towards the fixed part so that the above-mentioned spherical surfaces 

(24a, 16a) remain in contact for any desired nozzle orientation. 
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(57) Abr^g^ : La tuyere comprend un diveigent mobile (20) et une partie fixe (16) soHdaire du fond arrive de la chambre de com- 
bustion (12) du moteur. Un dispositif de liaison articul^e k cardan raccorde le divergent mobile de tuyere k la partie fixe, le divergent 
mobile et la partie fixe 6tant en contact mutuel par des surfeces sph6riques respectives (24a, 16a), et un dispositif d'actionnement 
(50a, 50b) 
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agit sur le divergent mobile de tuyere pour pouvoir fairc varier la direction du vecteur de pouss6e du moteur par modification de 
roiientation de la tuy^e avec glissement des surfaces sph6riques Tune sur Tautre. Des moyens (62, 64) de rappel 61astique sont 
interposes entre le divergent mobile de tuyere (20) et la partie fixe (16) et agissent sur le divergent mobile pour le rappeler vers la 
partie fixe afin de maintenir les surfaces sph6riques (24a. 16a) en contact mutuel pour toute orientation ddsir^e de la tuyfere. 
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Title of the invention 

A rocket engine nozzle that is steerable by means of a moving 
diverging portion on a cardan mount 

5 Background of the invention 

The invention relates to steerable nozzles for rocket 
engines , 

The field of application of the invention is more 
particularly but not exclusively that of missiles, in 

10 particular tactical missiles having a diameter of less than 
about 500 millimeters (mm) . 

A steerable-nozzle rocket engine comprises a casing 
defining a combustion chamber that opens out through a rear 
end wall^ at least one nozzle comprising a moving diverging 

15 portion and a static portion, a jointed link device connecting 
the moving diverging portion and the static portion, and an 
actuator device acting on the nozzle to change its 
orientation, and consequently to change the direction of the 
thrust vector produced by combustion gas being ejected from 

20 the chamber. 

A known jointed link device uses a laminated spherical 
abutment made up of a stack of metal or composite material 
layers alternating with layers of resilient material bonded to 
one another. Such a device enables the nozzle to swivel to a 

25 limited extent relative to the casing by deformation of the 
resilient layers in shear. The laminated abutment is mounted 
so that it is normally stressed in compression under the 
effect of the force exerted by the combustion gas on the 
nozzle, given its limited strength against tension forces. 

30 Unfortunately, in certain configurations, the laminated 
abutment can be subjected to tension forces. In addition, 
laminated abutments are sensitive to aging and it is difficult 
to make laminated abutments that are capable of withstanding a 
very wide range of temperatures. 

35 In order to overcome the above drawbacks, proposals have 

been made for a nozzle with a steerable diverging portion that 
presents a spherical surface in direct contact with a 
complementary spherical surface formed on the static portion 
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of the nozzle (ball and socket system) , a change in the 
orientation of the diverging portion of the nozzle being 
accompanied by the spherical surfaces sliding one over the 
other. The portions of the moving diverging portion and of 
5 the static portion of the nozzle that are in mutual contact 
are typically made of a carbon/carbon (C/C) composite material 
which presents good thermo-mechanical behavior^ in particular 
at high temperature, and high resistance to ablation. Such a 
mount avoids the drawbacks of mounts having laminated 

10 spherical abutments, but the problem to be solved is that of 
providing gas-tightness between the contacting spherical 
surfaces for all orientations of the diverging portion of the 
nozzle. To achieve this, it is necessary to provide permanent 
contact between the ball and the socket regardless of the 

15 angle of activation. Preliminary tests have been performed 
with such a steerable nozzle. Those tests have shown that the 
concept is viable but with limitations on control in the pitch 
and yaw planes, with the ball being pressed against the socket 
by prestressed actuators, 

20 

Object and summary of the invention 

An object of the invention is to provide a steerable 
nozzle for a rocket engine that does not present the drawbacks 
of the state of the art using a connection via the above- 

25 mentioned laminated spherical abutment, and in particular to 
propose a jointed mount that is robust and reliable, while 
also providing gas-tightness at the contacting surfaces for 
any desired orientation of the nozzle. 

This object is achieved by a steerable nozzle for a 

30 rocket engine * comprising: a casing surrounding a combustion 
chamber and having a rear end wall; a nozzle comprising a 
moving diverging portion and a static portion secured to the 
rear end wall; a jointed link device connecting the moving 
diverging portion of the nozzle to the static portion, the 

35 moving diverging portion and the static portion being in 
mutual contact via respective spherical surfaces; and an 
actuator device acting on the moving diverging portion of the 
nozzle to enable the direction of the thrust vector of the 
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engine to be varied by modifying the orientation of the nozzle 
with the spherical surfaces sliding one on the other, 

which steerable nozzle further comprises, in accordance 
with the invention, resilient return means interposed between 
5 the moving diverging portion of the nozzle and the static 
portion, said means acting on the moving diverging portion to 
urge it towards the static portion so as to keep the spherical 
surfaces in mutual contact for any desired orientation of the 
nozzle . 

10 By means of the resilient return force that is exerted, a 

relatively stable force pressing the spherical surfaces 
against each other can be ensured regardless of the 
displacements performed during operation, thus enabling 
actuation to take place in any direction without affecting the 

15 gas-tightness between these spherical surfaces . 

The link device may be of the cardan mount type 
comprising a ring, two first link arms connecting the moving 
diverging portion of the nozzle to the ring via two first 
hinges, and two second link arms connecting the static portion 

20 of the nozzle to the ring via two second hinges. 

The resilient return means may be integrated in the first 
link arms. They may be constituted by prestressed springs.. 

In another embodiment, the resilient return means are 
constituted at least in part by an elastically deformable part 

25 of the link device, e.g. the ring of the cardan mount, which 
is deformed elastically on assembly. 

Anti-friction means may be present between the mutually 
contacting spherical surfaces. The anti-friction means may be 
constituted by a lubricant, e.g. graphite grease. In a 

30 variant, the anti-friction means may be constituted by a 
coating or an interface part which is disposed in the contact 
zone between the spherical surfaces, e.g. a coating of 
material having a low coefficient of friction and formed on 
one of the surfaces or on both of them. 

35 The actuator device may be conventionally constituted by 

linear actuators or cylinders. In a variant, when the link 
device is a cardan mount having two pivot axes, the actuator 
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device comprises rotary actuators positioned on the cardan 
mount axes for the purpose of controlling them directly. 

Compared with prior art devices using a laminated 
spherical abutment, the steerable nozzle assembly of the 
5 present invention presents significant advantages: 

it is more robust in the face of environmental 
conditions and aging; 

it enables large thrust-deflection angles to be 
obtained by using larger spherical contact areas, which 
10 combines with the phenomenon of amplified thrust deflection 
that is inherent to devices having a moving diverging portion 
and that is due to aerodynamic effects internal to the nozzle; 

- it is less sensitive to reentrant force phenomena, i.e. 
acting on the moving diverging portion towards the upstream 

15 end thereof, where such forces can damage laminated abutments 
and are taken up by the contacting spherical surfaces in the 
nozzle of the invention; and 

- it makes it possible to avoid not only a laminated 
spherical abutment, which is a component that is relatively 

20 expensive, but also to omit the thermal protection that needs 
to be associated therewith. 

Brief description of the drawings 

The invention will be better understood on reading the 
25 following description made with reference to the accompanying 
drawings, in which: 

- Figure 1 is a fragmentary and diagrammatic perspective 
view of a rocket engine in accordance with the invention; 

- Figure 2 is a fragmentary longitudinal section view of 
30 the Figure 1 rocket engine; and 

- Figure 3 is a cross-section view on plane III-III of 
Figure 2 . 

Detailed description of an embodiment 
35 Figures 1 to 3 are diagrams showing a rocket engine 

having a casing 10 surrounding a combustion chamber 12 in 
which there is received a block of solid propellant (not 
shown) . The chamber 12 opens out through its rear end wall 14 
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into the front of a nozzle that comprises a throat part 16 and 
a diverging portion 20, 

The throat part 16 defines not only the nozzle throat 
proper, but also the converging portion and the beginning of 
5 the diverging portion, and it is fastened, e.g. by being 
screwed into a ring 18 that is fixed to the end wall 14 of the 
casing, so as to be secured to the end wall 14. 

The throat part 16 is typically made of C/C composite 
material, and the ring 18 is typically made of insulating 

10 composite material. Thermal protection layers are provided on 
the inside face of the casing. Such a combustion chamber 
structure is well known in itself. 

The diverging portion 20 of the nozzle (or at least a 
fraction thereof) is movable, being mounted on a static 

15 portion of the nozzle, and specifically the part 16. As is 
also known, making a steerable nozzle by means of a moving 
diverging portion is advantageous in that it makes it possible 
to amplify thrust deflection relative to the actual pivot 
angle of the main axis of the diverging portion. 

20 The moving diverging portion 20 typically comprises a 

casing 22, e.g. made of metal, having an inside layer 23 of 
ablative insulating material, e.g. made of a composite of 
carbon or silica reinforcing fibers with a matrix of phenolic 
resin. At its upstream end, the moving diverging portion 20 

25 has a part 24 in the form of an internal ring that is 
typically made of C/C composite material. 

The throat part 16 and the moving diverging part 24 are 
in mutual contact via respective spherical surfaces 16a and 
24a centered on the axis 11 of the nozzle. 

30 It should be observed that the parts 22, 24, and 23 of 

the moving diverging portion may be united to form a single 
part of composite material. 

The moving diverging portion of the nozzle is connected 
to the static portion thereof via a cardan mount type 

35 mechanical link comprising a ring 30, e.g. made of metal, 
disposed around the end wall of the casing, two link arms 32 
and 34 secured to the casing 22 of the moving diverging 
portion of the nozzle and connected at their ends to the ring 
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via two respective hinges 36 and 38, and two other link arms 
42 and 44 secured to the ring 30 and connected at their ends 
to the end wall 14 of the casing 10 of the combustion chamber, 
and consequently to the static portion of the nozzle, via two 
5 other respective hinges 46, 48. 

The arms 32, 32 and the hinges 36, 38 are disposed in 
locations that are opposite about the axis 11, the axes of the 
hinges 36, 38 defining a pivot axis 39 situated in a plane 
perpendicular to the axis 11. 

10 Similarly, the arms 42, 44 and the hinges 46, 48 are 

disposed in locations that are opposite about the axis 21 of 
the combustion chamber, the axes of the hinges 4 6, 48 defining 
a pivot axis 4 9 situated in a plane perpendicular to the axis 
21. The hinges 36, 38, 46, 48 are angularly spaced apart in 

15 regular manner around the ring 30 so that the pivot axes 39 
and 4 9 are orthogonal. 

Abutment surfaces 16b, 24b of the parts 16 and 24 limit 
the amount of angular displacement that is possible between 
the axis 11 and the axis 21. 

20 The nozzle can be actuated either by a plurality of 

linear actuators or cylinders having one end bearing against 
the casing 22 of the diverging portion 20 of the nozzle and an 
opposite end bearing against the casing 10 of the combustion 
chamber, or by a plurality of rotary actuators positioned at 

25 the cardan mount on the axes 39 and 49 so as to steer the two 
pivot axes of the cardan mount directly. 

In the example shown, only two linear actuators 50a and 
50b are provided, being connected to the casings 10 and 22 via 
hinges 52a, 53b and 54a, 54b, and the meridian planes 

30 containing the axes 51a and 51b of the actuators 50a and 50b 
form between them an angle that is equal to about 90**. 

In a variant, it should be observed that the actuators 
can be mounted between the ring 30 and the moving diverging 
portion 20 of the nozzle. It should also be observed that the 

35 number of actuators could be greater than two. 

In accordance with the invention, resilient return means 
are provided which act on the moving diverging portion 20 of 
the nozzle in a direction opposite to that of the gas flow 
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direction through the nozzle so as to keep the surfaces 16a 
and 24a permanently in mutual contact, regardless of the 
desired orientation for the diverging portion of the nozzle. 
As a result, gas-tightness between the surfaces 16a and 24a is 
5 conserved for any possible orientation of the axis 21 relative 
to the axis 11, 

In the example shown, the resilient return means are 
constituted by springs 62, 64, e.g. of the Belleville washer 
type, that are prestressed in compression and that are 

10 received in the arms 32 and 34. 

More precisely, each arm 32, 34 comprises a rod 31, 33 
having one end connected to the joint 36, 38 and having its 
other end passing through a hole 26a, 28a in a lug 26, 28 
secured to the casing 22 of the diverging portion of the 

15 nozzle. 

This other end is held by means of a nut 45, 47 screwed 
onto the end of the rod, with the spring 62, 64 being 
interposed between the nut 45, 47 and the lug 26, 28. By way 
of example, the spring 62, 64 is housed in the enlarged end of 

20 a bushing 66, 68 engaged in the hole 26a, 28a. 

The bushings 66, 68 are inserted into the holes 26a, 28a 
and they have the rods 31, 33 passing through them without 
clearance in order to eliminate, or at least reduce, the 
clearance between the rods 31, 33 and the holes 26a, 28a, and 

25 thus avoids any possible turning of the moving diverging 
portion about its axis 21. 

The compression prestress of the springs 62, 64 is 
determined so as to guarantee effective return of the surfaces 
16a, 24a against each other for any possible orientation of 

30 the diverging portion 20 of the nozzle. 

During actuation of the steerable nozzle by acting on the 
actuators 50a, 50b, the contacting spherical surfaces 16a, 24a 
rub against each other. The friction between the parts 16, 24 
can be dry friction. It is also possible to make use of anti- 

35 friction means such as a coating or an interface part present 
in the zone of contact between the ball and the socket on one 
or other of the two spherical surfaces constituting the ball 
and the socket, e.g. a material based on Teflon® or a 
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lubricant, such as graphite grease penetrating at least in 
part into the residual pores of the part 16. 

Means other than springs can be used for providing the 
resilient return needed for proper operation of the engine for 
5 every possible orientation of the nozzle. By way of example, 
return may be provided by an elastically deformable part of 
the link device connecting the moving diverging portion to the 
static portion of the nozzle, said part being elastically 
deformed on assembly. 

10 Thus, in a variant of the embodiment of Figures 2 and 3, 

return is provided by elastic deformation of the ring 30 
without making use of the springs 62 and 64. For this 
purpose, the ring 30, e.g. made of steel, is of a thickness or 
presents portions of reduced thickness that is/are determined 

15 so as to enable it to deform elastically under the effect of 
the nuts 45, 47 being tightened. 
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